Smart city is a complex system which faces multiple challenges to support a sustainable socioeconomic development and improving the quality of living. Building smart cities is a challenge and an imperative solution for optimizing resources availability and distribution processes in the context of massive urbanization. Although, many aspects shape the development of smart cities, the study aims to examine the importance of research and development (R&D) investments, the patent applications, employed information and communication technology (ICT) specialists, gross domestic product (GDP) and poverty reduction in making cities "smart". According to our research objective and developed hypothesis, several data analysis have been used: Principal Component Analysis (PCA), Pearson correlation coefficient and Hierarchical clustering tested on 26 European Member states. Our results show that all the above elements are imperative in supporting a long-term city growth and development.
Introduction
Smart city is a complex environment that integrates a wide variety of technologies and supports those innovations capable of delivering sustainable socioeconomic development of cities. The concept was first used in the early 1990s to indicate how urban development integrated technological evolution, innovation and globalization [10] . Over time, several phrases have been used for this new type of city, such as "intelligent city", "city of knowledge", "digital city" or "ubiquitous city" [1, 17] . Smart cities, through developed functionalities and characteristics, are trying to offer solutions for the rapid growth of the population density inside urban environments. In the United Nations report, it is estimated that 60% of the world's population will live in the city by 2050, which represent an increase from 30% in 1950 and 54% in 2014 [31] .This brings new challenges for local and national governmental organizations that need to identify fast and intelligent solutions to address air pollution, urban agglomerations, waste management and population health. Smart cities could bring such solutions. It integrates tangible and intangible assets of cities such as urban mobility, energy management, waste management, water management and e-governance into a unique global concept [16] . The development of ICT and Internet of Things (IoT) solutions has made possible the unification of all information subsystems that manage these components [26] . The goal is to improve the quality of life for citizens in the form of enhancing liveability, sustainability, and efficiency [9] . In smart cities ICT is used to augment performance, quality and interactivity of services. The billions of sensors integrated with real-time monitoring systems can reduce resource consumption and can improve the contact between citizens and government. This will implicitly contribute to cost reductions and sustainable development of cities. According to the European Commission, there are three main priorities for the future cohesion policy after 2013 [28] : -the competitiveness in research, innovation, and upgrading of skills to promote the knowledge economy; -the active labour market policy to sustain employment, strengthen social cohesion and reduce the risk of poverty; -the sustainable development to reduce greenhouse gases emissions and improve the energy efficiency of urban infrastructure. These priorities should constitute a guide for city officials in developing growth strategies. On the other hand, smart city implementation is closely linked to the standard of living and the level of education. The concept involves citizens' access to digital technologies and the acquisition of the necessary knowledge to use them. According to Schaffers et al. [28] the subsequent elements influence cities and urban development and can help to achieve the status of smart cities: the actors, the priorities, the resources and the policies (Figure 1 ).
Figure 1. The landscape of the city development (authors' representation based on [28])
As we can see, there are many aspects that shape the development of smart cities, such as innovation capacity, ICT development and adoption, living standards, preparedness of residents, and last but not least, the willingness to invest in this concept. This study aims to examine the importance of R&D investments, patent applications, employed ICT specialists, GDP, and poverty reduction in making cities 'smarter'. The rest of this paper is organized as follows. In the next section, the definition and current status with some characteristics of the smart city are given in brief. Then, in the methodology and results sections, several data analysis have been used: Principal Component Analysis (PCA), Pearson correlation coefficient and Hierarchical clustering tested on 26 European Member states. The last section includes the conclusions that we have been able to achieve based on analysis results.
Literature Review
The concept of smart city has become popular and has attracted attention of industry and governments especially in the last two decades. An important moment was its use by important technology companies such as Cisco, Siemens and IBM in 2005 for "the application of complex information systems to integrate the operation of urban infrastructure and services such as buildings, transportation, electrical and water distribution, and public safety" [14] . There is no single, generally-accepted definition. Some definitions have been adopted in both practical and academic use. We selected the most representative and comprehensive found in literature and we present them in the next table. Table 1 . An overview on smart city definitions Description Reference A city may be called smart "when investments in human and social capital and traditional (transport) and modern (ICT) communication infrastructure fuel sustainable economic growth and a high quality of life, with a wise management of natural resources, through participatory government".
[4] "A city that monitors and integrates conditions of all its critical airport, seaports, communications, water, power, even major buildings, can better optimize its resources, plan its preventive maintenance activities, and monitor security aspects while maximizing services to the citizens".
[12] "A smart city is a well-defined geographical area, in which high technologies such as ICT, logistic, energy production, and so on, cooperate to create benefits for citizens in terms of well-being, inclusion and participation, environmental quality, intelligent development; it is governed by a well-defined pool of subjects, able to state the rules and policy for the city government and development".
[5]
A city "connecting the physical infrastructure, the IT infrastructure, the social infrastructure, and the business infrastructure to leverage the collective intelligence of the city".
[14]
Smart city "is the combined use of software systems, server infrastructure, network infrastructure, and client devices (...) to better connect seven critical city infrastructure components and services: city administration, education, healthcare, public safety, real estate, transportation, and utilities".
[33]
Smart cities can also be defined based on six characteristics, developed on a "combination of endowments and activities of self-decisive, independent and aware citizens" [23] and their assigned factors. These characteristics are unified in a complementary way [3, 4] . The six dimensions or characteristics refer to: Smart Economy, Smart Mobility, Smart Environment, Smart People, Smart Living and Smart Governance ( Figure  2 ). By Smart Economy we mean increased productivity and flexibility of the labour market, ICT-enabled innovation, entrepreneurship, trademarks as well as, the integration in the (inter-) national market. Smart Mobility encapsulates ICT supported and integrated transport and logistics systems. The used factors in assessing important aspects of Smart Mobility refer to: local and (inter-) national accessibility, availability of ICT infrastructure
Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org and sustainable, innovative and safe transport systems. By Smart Environment or "Attractivity of natural conditions" we mean renewables, pollution control and monitoring, as well as protection and sustainable use of resources. Smart People or "Social and Human Capital" is used to describe not only the e-skills and the level of qualification of the citizens, but other aspects like the "quality of social interactions regarding integration and public life and the openness towards the "outer" world" [11] . Smart Living measures various aspects of the best conditions of life, meaning cultural facilities, living with healthy people, utility infrastructure (e. g. water/electricity/heating network), safety housing, etc. Smart Governance comprises various aspects of city governance including services and the efficiently and effectively functioning of the administration. This entails private and public participation in decision making, political strategies and perspective as well as, transparency and open data by using ICT [11, 23, 24, 30] .
Figure 2. Smart cities characteristics and assigned factors (adapted from [11])
The concept of smart city is conditioned by digital evolution. It involves the use of millions of sensors and devices capable of recording, storing and processing information about the activity of the entire urban community, institutions and citizens, and providing them with real-time updates. According to Harrison et al. [13] , smart cities are built on a combination of ideas how ICTs could contribute to increasing the efficiency of cities, improving their functioning and their competitiveness, and finding new solutions for solving problems like poverty, social deprivation, and poor environmental management. These cities also assume both the implementation of ICTs and their use. Increasing the number of employees in this area and the number of jobs with a strong ICT component [8, 15, 31] are natural results of acquiring intelligent city features. Their citizens need smart devices to access the available information and services, as well as the knowledge to use them. On the other hand, in smart cities a significant number of employees work in the field of ICTs. They provide the hardware and software required to ensure the intelligence of cities. In other words, smart cities need smart citizens both as recipients of intelligence and as providers of it. In many circumstances smart means expensive in the case of smart cities. The unification of all subsystems that manage the information of public and private organizations and the access of citizens to the necessary services and resources require investments in logical and physical infrastructure. The GDP level directly and indirectly influences the implementation of smart city features. It influences R&D investments, the possibility of transforming inventions into innovations, the ability to adopt ICTs and the poverty rate. A low GDP level makes it impossible for a city to become intelligent. At the same time, the development of smart cities will contribute to GDP growth [21] . The relationship between GDP and R&D is highlighted by the proposed Europe 2020 strategy to invest 3% of EU GDP in R&D or innovation [23] . R&D investments and willingness to adopt innovations are key elements in implementing the smart city concept. Many of these investments are focused on finding and applying the most effective ways to restore natural balance (waste management, clean energy use, CO 2 reduction), because smart cities are sustainable cities or eco-cities. The relationship between smart cities and R&D is bidirectional: R&D results are used to transform cities into smart cities and smart cities initiatives have the potential to support innovative growth and R&D [23] . They are funded from public and private sources interested in progress. According to Komninos and Sefertzi [19] , business and public spending are important indicators for measuring knowledge and innovation institutions in smart cities. Many innovations are the results of the recognized and recorded inventions. The patent applications (per million of population) is a component in measuring the performance of innovations in smart cities [19, 25] . Investments in R&D and the development of digital technologies have led to a significant increase in the patents registered by international organizations. Some of them turn into innovations and contribute to increasing the intelligence of cities. Most of them are in the ICT field and in the environmental protection field. Valorisation of inventions leads to increased competitiveness between private organizations that fosters economic growth and supports the adoption of specific smart economy features. Smart city solutions are expected to fight against poverty [2, 5, 28, 34] . Improving the quality of living is one of the core objectives of smart cities. Jobs creation and GDP growth will favourably contribute to reducing the poverty rate in these cities. European Commission, through Europe 2020 program -a strategy for smart growth, sustainable and inclusive growth had included poverty reduction as a component of inclusive growth [7] . A city with a high poverty rate could not be smart. Smartness means access to digital devices, application and services accessible for the citizen with a reasonable standard of living. Smart city means also smart people and smart people could fight against poverty which offers a significant advantage for improving living conditions. Building smart cities is a challenge and an imperative solution for optimizing resource availability and distribution processes in the context of massive urbanization.
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Methodology and Data

Research Methodology
Smart cities ranking allows us to compare different characteristics and to identify the strong and weak points of medium-size cities in a comparative way. A wide range of attributes ranging from "smart economy" to "smart living" are described in the specialized literature in relation to the term "Smart City". This holistic view allows us to encapsulate various aspects necessary to assess a city"s performance from a smart city perspective. Although several criteria determine the selection of a smart city, the most important ones during 2013-2014 rankings are: population number (100.000-500.000 to obtain mediumsize cities), knowledge basis (at least one university) and catchment areas with less than 1.5 million. Also, availability and relevancy of the data represented other import selection criteria. The 2015 ranking incorporate some changes when compared to its earlier versions as small adjustments were made to the most important selection criteria: a) in obtaining a medium-size city the number of inhabitants was situated between 300.000 and 1 million; b) the cities must be listed in Urban Audit Database and c) more than 80% of the indicators data must be available. Thus, the variables standardization remain the same: for each city in order to compare different indicators, the values were standardized with an average "0" and a standard deviation "1". The countries number of cities varies each year according to selection criteria and smart city performances [32] . In our analysis we have used the smart cities rankings available in 26 European Countries. Other indicators used in the analysis are Patent Applications, Employed ICT Specialists, R&D Investments, GDP and Poverty Rate. Patent applications refers to the number for requesting exclusive rights for an invention, which have been filed through the WIPO administered PCT (Patent Cooperation Treaty). Another important factor is represented by the employment of ICT specialists. In the analysis, employed ICTs are defined as specialized workers who have the capacity to operate, maintain and develop ICT systems. One of the main measures for achieving a smart, sustainable and inclusive growth are higher R&D investments [7] . Once this condition is fulfilled, it is expected that immediate short-term problems related to the recent financial crises are better managed and countries will be more able to address pressing long-term challenges related to growth, competitiveness and environmental sustainability [18] . R&D investments include the data from all private and public sectors R&D performing entities. The last two indicators taken into account were GDP and Poverty Rate. In the analysis we use the logarithmic values of GDP and for Poverty rate -at-risk-of-poverty rate per country for the total population. Tests and modelling were performed using Statistical Package for Social Science (SPSS) software, SPSS 21.0 (IBM Corporation, Armonk, NY, USA). According to our research several data analysis have been used: Pearson correlation coefficient, Principal Component Analysis (PCA) and Hierarchical clustering. In this paper we apply correlation analysis in order to observe the interaction between variables and to measure the strength of the relationship between them. The identification of significant correlations are made using Pearson correlation coefficient. To test the significance of the Pearson correlation coefficient we used Student t-test. The hypotheses are: null hypothesis, absence of significant correlation between the variables © 2018 The Authors. Journal Compilation © 2018 European Center of Sustainable Development.
(H 0 : ƿ=0); alternative hypothesis, which shows that there is a statistical significant relation between the variables (H 1 : ƿ ǂ 0). If the calculated value of statistical t is higher than the theoretical value then the null hypothesis ((H 0 : ƿ=0) is validated. On the contrary if the F value is smaller then the null hypothesis is rejected and the variables are significantly correlated with the assumed risk. The intensity and direction of the relationship between the variables included in the analysis is obtained using Principal Components Analysis (PCA). This method allows us graphical representation on a factorial axes system of the relationship between the variables. Hierarchal cluster analysis is also used for exploring similarities between countries.
Data collection and sample
Given the data availability for the smart city rankings, the geographical focus of our study is on 26 European countries namely: Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Netherland, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and United Kingdom which gives us a total of 78 cities sample.
Figure 3. Smart cities, 2013 (Authors' representation based on Smart-cities.eu data [32])
Mapping smart cities across EU-26 shows that these are not evenly distributed (Figure 3 and Figure 4) . In 2013, the number of smart cites was situates between "0" and "1" for countries like Croatia, Estonia, Ireland, Latvia, Lithuania, Luxemburg and Portugal. A higher number were register in Germany (7), Italy (7), Poland (6) and France (5). In all the other countries the number of smart cities was ranging between 2 and 4. In 2014, the number of smart cities increased in Estonia (from "0" to "1"), Finland (from "2" up to "4"), Spain ("4" instead of "3") and United Kingdom (from "4" up to "5"). In 2015, the number of smart cities decreased in Austria, Denmark, Finland, Hungary,
Figure 4. Smart cities, 2015 (Authors' representation based on Smart-cities.eu data [32])
We have collected the data for a three year period: 2013, 2014 and 2015. For smart city rankings we used the data provided by Smart-cities.eu website [32] . For Employed ICT Specialists, R&D Investments, GDP and Poverty Rate we used Eurostat database [6] and for Patent Application, the one belonging to World Bank [35] . Due to the lack of data for Slovenia regarding the patent applications, only 75 cities sample remained in the analysis, within 25 European Countries. .258(**) 1 (***). Correlation is significant at the 0.01 level (2-tailed); (**). Correlation is significant at the 0.05 level (2-tailed). (*). Correlation is significant at the 0.10 level (2-tailed). Source: prepared by the authors Our findings showed with a probability of 95%, the existence of a positive and strong relationship between the variables describing smart city rankings, patent applications and employed ITC specialists, with a Person Coefficient values of 0.673 and 0.752 respectively. Also, significant and positive associations have been found between smart city ranking, investment in R&D and GDP. At the same time, we notice a negative correlating between the rate of poverty and the smart city rank. In order to highlight the intensity and direction of the relationship between the variables included in the analysis we used Principal Components Analysis (PCA). Once the data have been processed, the results shows the variables" grouping in the system of the first two factorial axes, presented in Figure 5 . Figure 5 represented the visual representation of loadings plotted in a 2-dimensional space. The plot shows how closely related the variables are to each other. This plot of the component loadings shows that GDP, patent applications, employed ITCs specialists and smart city rankings all load highly and positively on the first component. Investment in R&D has a positive but low loading on the first component, however loads highly on the second. Also, poverty rate loads with a low and negative value on the first component yet highly and negatively on the second. Table 3 the values for the KMO test (KMO=0.706) shows that the included variables explain a significant proportion (over 70%) the variance calculated for each category. This is significant (less than .05), indicating that the correlation matrix is significantly different from an identity matrix, in which correlations between variables are all zero. Due to the ability to create wealth and ideas, governments around the world are investing in the potential of smart cities at an ever increasing rate. Our results show GDP (public and private), R&D investments, patent applications and employed ITCs specialists are key elements in making a city smarter. The relationships between smart cities and GDP, on one hand and smart cities and R&D, on the other are bidirectional: a) smart cities contribute to a significant share to country's GDP and it is probable that converting these mega-cities to smart cities may yield a higher contribution to the current GDP and b) R&D results are used to transform cities into smart cities and smart cities have the potential to support innovative growth and R&D. Several authors confirm that a city become "smart" if the investments in such infrastructure development are supported [22] . Our findings reveal that for smart cities, GDP and investment in R&D are both important assets. A smart city is one system increasingly driven by technically inspired innovation and ICTs merge so widely that they are able to influence not only the nearby environment but also the whole city infrastructure and operation [20, 29] . Moreover, R&D investment and development of digital technologies have led to a significant increase in the number of patents registered by international organizations. Some of them turn into innovation and contribute to increasing the intelligence of cities, while other are from ICT domain and environmental protection. Nevertheless, their existence contribute to an increase competitiveness which foster economic growth and smart cities development. The core of the cities success and smartest is their focus on people and their actively involvement in creating smart services that are meant for them and improving their living environment and the overall quality of life [27] . Our analysis shows the existence of a positive relationship between smart cities rankings and the number of people employed in the creative sector (ICT in this case). The core challenges address by the European Commission [7] refers to competitiveness, in particular -research, innovation © 2018 The Authors. Journal Compilation © 2018 European Center of Sustainable Development. and upgrading the necessary skills to promote the knowledge economy and active labour market to sustain employment, strengthen social cohesion and reduce the risk of poverty. Smart cities solutions are expected to deal with these challenges by increasing the wealth of cities, reduce poverty, maintain employment and offering a safer and optimized environment [28] . In our analysis between poverty rate and smart city there is a negative relationship because a city with a high poverty rate could not be smart. Smartness means access to digital devices, application and services accessible for the citizen with a reasonable standard of living. Figure 6 shows an analysis of variance approach to evaluate the distances between clusters. By using the Ward"s method, cluster membership is assessed by counting the total sum of squared deviations from the mean of a cluster. In group 1 are countries like Estonia, Lithuania, Slovenia, Croatia, Greece, Latvia, Luxemburg, Bulgaria, Slovakia, Denmark, Portugal, Belgium, Czech Republic, Finland, Romania, Hungary and Austria. This group of countries are characterized by a small number of smart cities, ranging from "0" to "2", a low number of patent applications (except the case of Austria) , a small number of people employed in ITC sector and a lower GDP (except Czech Republic and Denmark). Although Europe 2020 strategy [7] targets an allocation of 3% of the EU"s GDP to be invested in R&D or innovation, from the analysed sample, only Denmark, and Austria exceed that amount. In this group, half of countries have the poverty rate above the UE-25 average. In group 2 we have Poland, Spain, Netherlands, Sweden and Italy. The number of smart cities is higher than in group 1, ranging from "3" in the Netherlands up to "11" in Spain. In these counties, the highest number of patent applications was 4676 in 2015, which represent more than double of the highest situated country from group 1. Moreover, the GDP level is high so as the number of ICTs employed specialists, which is 77% more than UE-25 mean. In this group, Sweden allocate more than 3% of GDP in R&D or innovation.
Results and interpretation
In group 3 and 4 we have United Kingdom, Germany and France characterized by the higher number of ITCs specialists, smart cities and patent applications. Also, France has one of the smallest poverty rate from all analysed countries and Germany and France, a value below group average. If we want to have 3 clusters than 3 and 4 become a cluster. If we want 2, 1 and 2 become a cluster. It should be noted that from clusters 1 and 2 no country passes into the cluster with France, Germany and UK whether we have 4, 3 or 2 clusters. This indicates large differences between the three countries and the rest of the sample. The clusters analysis reveals that countries with higher number of smart cities have higher GDP and more patent applications. Also, the number of people employed in ITC sector is higher than in countries with a low number of smart cities.
Concluding Remarks
Our findings reveal that significant and positive associations have been found between smart cities R&D investments, number of patent applications, and employed ICT specialists and GDP. The only negative correlation was with the people at high risk of poverty indicator. The R&D investments are key asset in implementing the smart city concept as their results are used to transform cities into smart cities and smart cities initiatives have the potential to support innovative growth and R&D. The existence of patents may not only contribute to increase a country"s competitiveness and economic growth but also, they can turn into innovation and increasing the intelligence of cities. The GDP level directly and indirectly influences the implementation of smart cities features as it influences R&D investments, the possibility of transforming inventions into innovations, the ability to adopt ICTs and the poverty rate. Our results also show a positive relationship between smart cities and the number of people employed in the creative sector (ICT in this case) as they are actively involved in creating smart products and services. Smart cities are designed to fuel sustainable growth and a high quality of life, including poverty reduction. As our results show there is a negative correlation between smart cities and poverty rate. Smartness means access to digital devices, application and services accessible for the citizen with a reasonable standard of living. Smart city means also smart people and smart people could fight with poverty which offers a significant advantage for improving living conditions.
